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EUUCtion:

B .

et i |t|onal method of wind wave estimation IS
35, dlen the eguation of wave spectrum energy evolution.
0 he filrst time the attitude for wind wave estimation based

s

9' ewind wave balance eguation was proposed by V. M.
Nakkaviev in 1937.
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= ’4t Was one of the first attempts to describe mathematically a

R

= wind wave development, which found its practical application.
In1ts simplest form the equation describes evolution of wind
wave energy depending on average wind speed and dissipation.
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iEwWoerks published after 1956 (Longuet—Higgins 1957;
Fonguet—Higgins et al. 1960, 1961, 1962, 1964: Phillips,
1957, 1958: Miles 1957,1960; Hasselmann, 1960, 1962, 1963,
Zekharov 1968, etc.) founded the principles of modern

—=) ysical notion of wind wave development.
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HEecemponent of the wind wave energy input Gin isiustally;
gElEranaed with the help of the relation basedepitiie model of
geraned airflow interactionwith wave (Miles, 1960).

Aliaeligh It was proposed in 1957, this model is still used
HeYaeEySHlinemeshanismispesifiied by using full-scale
gl9sEiVetiion data (Snyder et al., 1981) can be described as
jeloWS:

. Gin (W’ b ) -

| max:'O; 0.25a, i

Tayw B 21 cogb - by)- 195w, b)Y,

| W e C 7] g

~ Where: U10 is the wind speed at 10 m level; isthe angle
petween the wind speed and the direction of wave spectral

component propagation; al and a2 are the parameters with the
value of about 1.0. The wind energy is supplied to the wave
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spectrum range at .

aQ(Ulo/C)COS(b' bu) >1




: Z urate numerical modeling of the statistical sticitre of
10sphieric boundary: layer above seasurfacehased on the
meical solution of the'Reyneld two-dimensional equations

sdescribed | In papers (Chalikov, 1986; Burgers& Makin, 1992,
IkOVE Bellevichy 1995 BelevichsNesl oy, 1999;
&Kudrlavtsev 2002; Kudriavtsev& Makln 2004) Itis

that the wind wave energy Input term can be expressed as;

where Bu Is a non-dimensional parameter of wind-wave
Interaction. Its value become negative for wave propagating
faster than wind speed.




_
ave dissipation used in the WAM model (The WAM

966, Komen et al.,;1994) connected witthiwave breaki ng
pied in the form of the quasi-linear approximation, asit Is

Sied by GHikome A9sA)rentievasisief the'Hasselmann

~ Where ¢, h and m are the model parameters; IS the mean
frequency of the wave spectrum; apm is the constant of the
Pierson-M oskovits spectrum;




One of the mEE’erortant mechanisms in wind wave spectrum
10n-linear energy transfer, based on the kinetic equation
3N, 1962,1963; Zakharov, 1968). In terms of wave action
he non-linear energy transfer function is as follows:
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il = Y (KK Ky ks )d (K +k; - k, - k)d(s +S,-S,-8,)

NGNS (N+N)- NN(N + N )} dR,dK, oK
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Fwvher eN = N(k) isthe spectral density of wave action; T(kk. Ky, Ks) s the core

tinetfon of non-linear interaction between waves; d (k Jand d(S ) are the Diraque
delta-function describi ng the resonance interaction between four wave components:

E+E1:R2+E3 S+S,=5,+5;,
The most important property of the kinetic eguation is a preservation of three following
Integral values: total wave action, energy and momentum.

N=¢NK)dk E=w(kNK)dk  K=¢kN(K)dk




efary. solution of the Kinetic eqy,atlon e

ieisimplest Kolmogorov / Weak-turbulent solution of the
KnElsequetioniveasehiainedibysZaikhorov.(Zakhaiov.&
JJ enko, 1966; Zakharov & Zaslavskii, 1982, 1983) for

ore p|c case. It Isinterpreted as frequency spectrum defined
19 /_ Eergy’ and wave action fluxes correspondingly

- Sw)= c3/Pg*/w?
s, () =C3Qg" /w”

where Q is awave action flux; P is awave energy flux.
Thefirst solution is interpreted as a model with energy input

located at low frequency XS] and second one as wave action
with input located at high frequency
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more general case (Zakharov et a., 1992) the spectrum
ed by following fluxes: wave energy. P,
gaction Q and momentum M isas follows:

43013
Swpy=3 " pEQ M 2

w? PWP )

:F: "function F can be expanded into Taylor series
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and the reliable estimations of the Kolmogorov constants are

found out to be equal to IO, = 0.24+0.03

(Pushkarev, Resio, Zakharov, 2001, Lavrenov, Resio, Zakharov, 2002)




VieLvVations

SVIEL IS a ratio between wave gnergy action
gindimomentum fluxes directed into high and
B frequency ranges for real spectrum?

SM\flnat is the value of wave energy dissipation
B estimated with the help of weak turbulence

ﬁ--theory? Namely, the WAM model type

—dissipation covering main frequency domain or
Zakharov’s type located in the high frequency
range.

* A guestion appears which type of dissipation Is
the most reliable from the physical point of view.




llieewoptimal algorithm of non-linear energy pEiEger s recjestl

l.menS| jonal Integrationiover some undimentional variables

111 A-
Gnl= Oocf(s b,,5)ds,d0 65, = )OI .2 3?1(% 511_5_)1)2’( VLX) -

Ops2 111

Tte rated function contains singularities. The integral is estimated
the help of Jakoby weight function or three dimensional

= '“.%ubature formula as follows

o

a. QJKF(SM j)

CPU time of numerical integration is defined by number of
summations




- Non-linearenengy. transfer estimation for different

——.

RUMIPETOf summations
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- Graph 1
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Gnl Conservativity

Kmax Total
2 16
3 54
4 128
5 250
6 432
7 686
8 1024
9 1458
10 2000
11 2662
20 16000
30 54000
19 38
27 54

34

68

Action
0.243
0.448
0.253
0.0487
0.042
0.034
0.0148
0.0205
0.00707
0.0087
0.00203
0.00164
-0.914
-0.259

0.121

Energy
0.191
0.335
0.186
0.0158
0.008
0.0077
-0.0141
-0.0099
-0.0219
-0.0102
-0.00112
-0.00141
-.953
-0.210

-0.0645

ERilim preservation fiorVareus number of summation

Momentum

0.0362
0.176
0.064
-0.073
-0.088
-0.073
-0.099
-0.10
-0.111
-0.0997
-0.0101
-0.0103
-.987
-0.434

0.303
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Numerical results for isotropic case
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(Lavrenov, Resio, Zakharov, 2002) =300s
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Frequency spectrum evolution within timeinterval :  100£ t < 50000sec
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Spectrum evolution within timeinterval : 11000 £ t < 15000 sec
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Frequency (rad/s)

Direct and | nverse Fluxes

.

| sotropic case

Spectrum evolution in time
(isotropic case)
70 frequencies and 96 direction are
used

There are three different stages in
the wave spectrum evolution



—F+—— numerical data
————— Y = pow(X,-0.431) * 105.3

Frequency of spectrum maximum
evolution into low frequency range

Frequency of spectrum maximum
is approximated as w__ » t*°*This
dependence is sSmilar to one
obtained with the help of
experimental data (Davidan et d.,
1985).

| | | | |
20000 40000 60000 80000 100000
time (sec




——+—— numerical results
— - — Y =1.995*pow(X,-4.1)
————— Y = 1.079pow(X,-3.3)
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Frequency (rad/s)

Limited spectrum with approximations for two ranges:
10<w <20 ad 2.0<w=<7.0



Energy Fluxes
Total

—

——<&—— Low dissipation
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—2&—— High dissipation

Action Fluxes
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a) Wave energy fluxes time evolution: total, low dissipation, wave input, high dissipation

b) Wave action fluxes evolution




Source Function
e — —f— Gnl
—4&—— Gds
—-H=— Gin

-l | imited source function with:
Non-linear energy transfer
Energy input and Dissipation

Frequency
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| sotropic

cos?(b)

O aAllVE =0 UXES C c Il ,WaveaCtionand

momentum into high and low frequency ranges
(especial case)

Energy Energy Wave action Wave action Momentum
flux to flux to flux to low flux to high flux to low
low freq high freq freq. freq. freq.

23.7% 76.3 % 75.3 % 24.7 %

79.5 % 72.7%

Momentum
flux to high

freq.




Rever se Flux to Atmosphere

dueto Makin-Kudriavtcev’s wind ener gy input
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Wmax

—|— Line/Symbol Plot 1

_____ Fit 1Y = pow(X,-0.4371) * 102.0
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Spectrum frequency maximum evolution in time



Energy evolution in time
Line/Symbol Plot 1
————— Y = 0.00375 /S
— —— Y =pow(X,1.411)* 1.351E-009
— - —  Y=1.92E-9*pow(t, 17’&55)
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’Elim

Davidan

= 3.08:40"3(Davidan, 1985)

Energy EAU**4*g**2
l

A
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10000 100000 1000000

time t*g/U

Undimensional energy evolution in time

Nondimensional limited energy 0.00375. Thefield result analysis equal to 0.00303 (Davidan, 1985)
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Evolution of energy fluxesin time



Action flux
Total

4'7
% Low
4@i

Input

6E-006 — High

Ot
.‘!‘v"‘ B39 ve1 0P YERYINRYEIEERLLsIL LS

100000

1000000
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Momentum flux
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Evolution of momentum fluxesin time
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Wave Evolution in fetch: Cq COS(b)ﬁ N=G

Energy evolution
Line/Symbol Plot 4
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Source function
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Limited source function with:;

Non-linear energy transfer
Energy input and Dissipation



Wind Input Reverse Wave Energy
to Wave Energy Input to Atmos%re
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Estimation of relative limited fluxes of the energy, wave action

=

.

ad momentum into high and low frequency.ranges
In the case of fetch evolution
(Makin-Kudriavtcev’s input)

Energy Energy Wave action | Wave action | Momentumflux | Momentumflux
flux to low flux to flux to low flux to high to low to
U frequency high frequency frequency frequency high frequency
(m/s) (%) frequency (%0) (%) (%) (%)
(%)
20 24.4 75.6 67.0 33.0 3.7 96.3
10 23.4 76.6 66.4 33.6 2.8 97.2




for WAM+ dissipation

 Energy fluxes

Energy Fluxes

Total
——— Low
—F=—— Input
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Momentum fluxes

for WAM+ dissipation

MomentumFluxes
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Action fluxes
for WAM+ dissipation

Action Fluxes
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Sourcefiunctions balancer”




stimation of relative limited fluxes of the ener gy, wave action and
momentum into high and low frequency ranges

In the case of fetch evolution

'S inp AM dissipation)

Wave Momentu Momentu
action m flux low m flux
flux low (%) High
(%) (%)




- CONCLUSIONS

IMENESIITSIof numerical simulations snew: that these arethemain differences”
WENVESN W, types of whitecapping dissipation approximations: the WAM
dISspanion, covering almost the Whole freguency range and Zakharov
cliss] e gl lecatediin thehighifreguency. range, Ihe values of energy, action
200 rrlonnenii; fixesidirectediierhierighrandlew ireguency ranges diffes
\Urmr thy/inrthese cases.
Nimercal simulation of wind wave development with the Makin-Kudriavtsey
Wiereaergy input shows that almost 1/4 part of energy flux can be transferred
gecratoratmoesphere boundary layer in the low frequency range for a fully
dEveopedispectrum. At the same time implementation of the WAM model
_r}p.» pation reduces almost up to zero all fluxes of energy, momentum and
siionite lew freguency range. Thereisno energy flux transferred back to
J-= tmospherlc boundary layer. Thus, a principal differenceis snown for physics
== 0 Wind wave spectrum development and interaction between ocean and
_-—_--*__=* atmesphere depending on wave dissipation function.

s= Until recently it was assumed that the whole energy coming from wind to
Waves was spent on wave spectrum development and dissipation. However, our
results show that it isnot quite so. The results obtained with the help of
Zakharov ener gy dissipation contrary to WAM dissipation provide the
existence of backward energy flux from wavesto atmospheric boundary layer.
It may reach consider able values presenting a additional source of energy into
atmosphere. The fact should be taken into consideration in global ocean-
atmospher e interaction models.
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Thank you!
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